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g.2012.12Abstract The aim of this paper is to study the relation between the coronal mass ejections, CMEs,
and their associated solar ﬂares. During the period from 1996 to 2010 there are 12,433 CMEs
recorded by SOHO and 22,688 ﬂare events observed by GOES. Under certain temporal and spatial
conditions, we selected 776 CME–Flare associated events. We found that there is a good relation
between the solar ﬂare ﬂuxes and their associated CME energies, where R= 65%. In addition
we found that 67% of the CME–Flare associated events ejected from the solar surface after the
occurrence of the associated ﬂare. Furthermore we found that the CME–Flare relation improved
during the period of high solar activity. Finally, we have distributed the selected events depending
on their ﬂare class.
ª 2012 Production and hosting by Elsevier B.V. on behalf of National Research Institute of Astronomy
and Geophysics.Introduction
CME ejected from the sun is one of the main solar phenomena.
The Earth-directed CMEs are very important, since they can
produce geomagnetic storms. Usually these CMEs are seen
as Halo CMEs (Howard et al., 1982). The relation between
CMEs and the other phenomena has been examined by many
researches (e.g., Munro et al., 1979 and Kahler, 1992). Early
measurements of the CMEs speeds have helped to advance
our understanding of the physical processes in the solar coro-
na. Wild et al. (1963) derived speed values of 500–1000 km/s
from their observations of metric type G bursts and they con-
cluded that these ﬂare-associated bursts were produced byo.com
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.014shock waves moving out through the interplanetary medium.
In the late 1960s and early 1970s, white-light coronagraph
observations from OSO-7 satellite and the Skylab space station
provided the opportunity to measure the speeds of CMEs di-
rectly (Brueckner, 1974; MacQueen et al., 1974). It has been
found that CMEs associated with large X-ray ﬂares are likely
to be fast and wide (Gosling et al., 1976), after comparing 16
CMEs associated with large ﬂares and 11 non-ﬂare CMEs ob-
served by the Skylab coronagraph. MacQueen and Fisher
(1983) analyzed six ﬂare-associated CMEs and six non-ﬂares
with ﬁlament eruption observed by the MK3 coronagraph,
and also they noticed that the former ones were faster, moving
at nearly constant velocities where as the latter were slower,
showing considerable accelerations. Hence they put forward
the concept of two distinct classes of CMEs, the CME–Flare
associated ones and the non-Flare CMEs. In the early 1980s,
improved observations with the k-coronameter on Mouna
Loa enabled MacQueen and Fisher (1983) to measure the
speeds of 12-loop-like CMEs over the range of 1.2–2.4 RS
(where RS is the solar radius). During the 1980s and as the
SOLWIND and SMM coronagraphs observations observed
thousands of CMEs from Earth’s orbit, the statistical studiesational Research Institute of Astronomy and Geophysics.
Fig. 1 Flare location on the solar disk.
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with soft X-ray bursts (Sheeley et al., 1983); coronal type G
bursts (Sheeley et al., 1984; Kahler et al., 1985), interplanetary
shocks (Sheeley et al., 1985; Schwenn,1986) and interplanetary
type G bursts (Cane et al., 1987).With the launch of the Large-
Angle Spectrometric Observatory (SOHO) spacecraft in
December 1995, the quality of the observations has improved
again. Several years latter Andrews and Howard (2001) pre-
sented the height–time plots of several well-observed limb
events, supporting the idea of the two CME classes. Recently,
(Yashiro et al., 2002) made a comprehensive CME catalog that
lists speeds and acceleration of 3217 CMEs observed by SOHO
from 1996 to 2000. Vrsnˇak et al. (2004) showed that the dura-
tion of the CME acceleration depends on the different phases
of the solar ﬂares. Early statistical studies (see, e.g., Munro
et al., 1979) showed that 40% of CMEs were associated with
H-alpha ﬂares and almost all ﬂares (90%) with H-alpha ejecta
were associated with CMEs. Thus the ‘‘mass motion’’ aspect of
ﬂares seems to be critical for a ﬂare to be associated with
CME. Flares have been classiﬁed (see, e.g. Pallavicini, 1977;
Moore et al., 1999) as impulsive (short-duration (<1 h), com-
pact (1026–1027 cm3), low-lying (104 km)) gradual (long dura-
tion (h), large volumes (1028–1029 cm3), and great heights
(105 km)). The probability of CME–Flare association increases
with ﬂare duration (Sheeley et al., 1983): 26% for duration
<1 h and 100% for duration >6 h. It must be pointed out
that some major ﬂares associated with large-scale CMEs are
not long-duration events (Nitta and Hudson, 2001; Chertok
et al., 2004). Currently, there are three ideas about the ﬂare–
CME relationship: (1) ﬂares produce CMEs (see, e.g., Dryer
1996), (2) ﬂares are byproducts of CMEs (Hundhausen,
1999), and (3) ﬂares and CMEs are part of the same magnetic
eruption process (Harrison 1995; Zhang et al., 2001). Zhang
et al. (2001) investigated four CMEs and compared their time
evolution with GOES X-ray ﬂares. They found that the CMEs
started accelerating impulsively until the peak of the soft X-ray
ﬂare, consistent with an earlier result that ﬂare-associated
CMEs are in general faster than other CMEs (MacQueen
and Fisher, 1983). There is also weak correlation (R= 0.53)
between soft X-ray ﬂare intensities and associated CME ener-
gies (Hundhausen, 1999; Moon et al., 2002). The fact that
ﬂares with H-alpha ejecta are closely related to CMEs suggests
that we need to understand how the free energy in the eruptive
region is partitioned between heating (soft X-ray ﬂares) and
mass motion (CMEs). The connection between ﬂares and
CMEs needs to be revisited especially because of the availabil-
ity of high quality multiwavelength data on ﬂares and CMEs.
In this paper, the relation between the coronal mass ejection
(CME) and the solar ﬂare is statistically studied by using a
large sample of CME and ﬂare events during the period from
1996 to 2010.
Data sources and selection of events
We used 15,880 records of CMEs data (obtained from CME
catalogue) observed by SOHO, during the period from 1996
to 2010. This CME data is available in the CDA website:
http://cdaw.gsfc.nasa.gov/CME_list/catalog_description.htm.
This catalogue contains all CMEs manually identiﬁed
since 1996 from the Large Angle and Spectrometric Corona-
graph (LASCO) on board the Solar and Heliospheric Obser-vatory (SOHO) mission. LASCO has three telescopes C1,
C2, and C3. However, only C2 and C3 data are used for
uniformity because C1 was disabled in June 1998. At the
outset, we would like to point out that the list is necessarily
incomplete because of the nature of identiﬁcation. In the ab-
sence of a perfect automatic CME detector program, the
manual identiﬁcation is still the best way to identify CMEs.
This data base will serve as a reference to validate automatic
identiﬁcation programs being developed. We also used the
X-ray ﬂares data which measured and provided by Geosta-
tionary Operational Environmental Satellite (GEOS), during
the same interval (1996–2010) with records of 25,688 ﬂare
events.
To select the CME–Flare associated events, we used two
conditions, ﬁrstly the spatial condition, according to this con-
dition, the CMEs when ejected from the sun, must be near to
the ﬂares locations on the solar surface. As shown in Fig. 1,
suppose that F represents the location of the solar ﬂare on
the solar disc and N is the solar north pole. For CME–Flare
associated events, and by solving the spherical triangle FPN
in Fig. 1, the following condition must be hold:
jðWCME WFÞj < U; ð1Þ
where WCME is the position angle of the CME (the angle mea-
sured on the solar disk between the solar north pole and the
line directed to the ejection of the CME), WF is the ﬂare’s posi-
tion angle and U is the angular width of the CME as detected
by SOHO.
We obtained bothWCME and U from CME catalogue, while
WF is not found directly in the ﬂare data so to calculate WF; we
used the ﬂare latitude k and longitude b. From spherical trian-
gle of the heliocentric celestial sphere we can deduce:
WFlare ¼ tan1½sin k= tanb ð2Þ
where, b is the solar ﬂare latitude, k is the ﬂare longitude.
The second condition is the temporal condition which re-
quired that the detection time of the CMEs (when the CMEs
ejected from the solar surface) must be simultaneous to the
start time of the associated ﬂares.
If a CME is launched from the ﬂare site, it has to propagate
distance 2 solar radii before it is detected. If we denote the
propagation distance from the solar surface out to the ﬁrst
detection location with C2 detector with height h, and the
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Fig. 3 CME–Flare correlation without the position angle
condition.
174 M. YoussefCME is launched from the ﬂare site with longitude l, we have
the relation:
sinðlÞ ¼ 2=ð1þ hÞ
So the propagation distance is:
h ¼ ½2= sinðlÞ  1
And the resulting detection delay is:
dt ¼ h=VCME
Then we subtracted this time delay, dt, from each detection
time of the CME events to be sure that the CMEs are simulta-
neous with the start time of the associated ﬂares.
Fig. 2 shows a histogram of the CME–Flare time delay.
Taking into account the spatial and temporal conditions,
and picking up all the CMEs occurred between ±1 h the start
time of their associated solar ﬂare, we selected 778 CME–Flare
associated events.1027
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Fig. 4 CME–Flare correlation according to the temporal and
spatial conditions.Results and discussion
CME–Flare energy correlation
To test our selection method by using the above temporal and
spatial conditions, we study the linear relationship between the
kinetic energy of CME, ECME, and the intensity of the X-ray
ﬂare ﬂux. First, we plot ECME against X-ray ﬂux according
to the spatial condition only without any restriction to the tem-
poral condition of CME motion and the result is shown in
Fig. 3.
As shown in Fig. 3, it is obvious that only 2514 CME–Flare
associated events can verify that condition of the 15,880 CMEs
during the period of our study, and the linear correlation in
this case is Rcorr = (0.38). But when we apply both the spatial
and temporal conditions the CME–Flare associated events
falls from 2514 events to 778 events only. We found that the
value of Rcorr, increased in this case to be =(0.65) as shown
in Fig. 4.0
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Fig. 2 Histogram of the CME–Flare time duration.
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In Fig. 5, we divided the selected 778 CME–Flare associated
events in two groups with respect to the ﬂare start time as a
reference level (CME time over events and CME time delay
events) to study the effect of the CME-lift off time on the
dependence of CME–Flare relationship. From Fig. 5, we
found that 67% of the 778 CME–Flare associated events
(530 events) are CME time over events and this maintain
the idea that ﬂares produce CMEs as suggested by (Dryer
et al., 1996), not the idea that ﬂares are byproducts of
CMEs as postulated by (Hundhausen, 1999).
The relationship between the CME energies and their
associated solar ﬂare ﬂux of each group is found in
Fig. 6.1027
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Fig. 6 Correlation between CME energy and X-ray ﬂare ﬂux for
time over event (above) and time delay events (below).From Fig. 6, we can show that the CME time over events
(ejected from the sun after the occurrence of the associated
ﬂare) is more correlated to their associated ﬂares (R
Corr = 0.68) than the delayed CME events which were ejected
before the ﬂare (RCorr = 0.46).This result indicates that most
of CMEs ejected from the sun are dynamical components of
their associated previous ﬂares.
The effect of the solar activity on the CME–Flare classiﬁcation
Many authors have studied the CME–Flare correlation,
Gopalswamy et al. (2005) used 44 CME–Flare associated
events to study the relationship between the CME speed,
Flare class and active region area from 1997 to 2002. They
found that there is a good correlation between the X-ray
ﬂare ﬂux and the active region area (R= 0.60) while they
found that there is a weak correlation between CME speed
and X-ray ﬂare ﬂux (R= 0.36) while there is a very weak
correlation between CME speed and active region area
(R= 0.11). Lin and Jun (2004) studied the relationship be-
tween solar ﬂares and CMEs, they found that the correla-
tion between the CMEs and solar ﬂares depend on the
stored energy in the relevant magnetic structure which is
available to drive CME. They also found that the more en-
ergy that stored, and the better the correlation is (Hundhau-
sen, 1999 and Moon et al., 2002) found that, there is a weak
correlation (R= 0.53) between soft X-ray ﬂare intensities
and the associated CME energies. Five hundred and forty
ﬁve Flare associated CMEs had statistically studied by
Vrsnˇak et al. (2005), they found that the correlation between
the soft X-ray ﬂux and the energy of the associated CME
events is also weak (R= 0.47).
From our point of view, the CME–Flare relationship is
studied by focusing on the effect of the solar activity and on
the correlation between the energy of the CME and the X-
ray ﬂux of the associated ﬂare, for 46 CME–Flare events dur-
ing the quite sun (1996–1997) and for 117 CME–Flare events
during maximum solar activity of the 23rd solar cycle (2000–
2001) and the results are as shown in Fig. 7, we found that
the more active the sun the better the correlation is and vice
versa.
Fig. 7(above) demonstrates that there is a weak correlation
between the CME energy and the intensity of X-ray ﬂux of the
associated ﬂare (RCorr. = 0.30) during quite sun. This result is
in agreement with the result obtained by Vrsnˇak et al. (2005).
By comparing the result obtained from Fig. 7(above and be-
low), we found that the CME energies are more correlated
to the X-ray ﬂux of their associated ﬂares during the active
sun. This is because the large X-ray ﬂares have more occur-
rence rate during active sun in addition to the CMEs associ-
ated with large X-ray ﬂares are likely to be fast and wide
(Gosling et al., 1976).
Classiﬁcation of the CME–Flare associated events
In this section we classiﬁed the selected 778 CME–Flare asso-
ciated events into four groups according to the ﬂare class of
their ﬂare associated events as shown in Fig. 8.
The association rate is calculated as the fraction of the asso-
ciated CME–Flare events of each ﬂare type with respect to the
total solar ﬂare events of each ﬂare type. We found that for B,
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Fig. 8 CME–Flare classiﬁcation of the total 778 events.
176 M. YoussefC, M and X type, the associate rate is 42%, 24%, 30% and
90%, respectively.
It is easily noticed from Fig. 8 that, the association rate of
the CME–Flare associated events is dominant for X-Flare
events.
Conclusions
We have studied the relation between coronal mass ejection
(CME) and solar ﬂares during the 23rd solar cycle. It is found
that the best interval time between the detection time of the
CME and the start time of its associated solar ﬂare lies be-
tween ±1 h. Also we tested our temporal and spatial condi-
tions for the selected CME–Flare events, by studying the
correlation coefﬁcient between ECME and X-ray ﬂux with
and without our conditions, and we found that the value of
the linear correlation coefﬁcient increases by using the two se-
lected conditions. According to this study the following results
have been obtained. Our main conclusions can be summarized
as follows:
(1) The lift-off time of CME–Flare associated events having
a time interval within the range +15 to +30 min after
the occurrence time of associated ﬂares.
(2) It is found that 67% of the 778 CME–Flare associated
events (530 events) ejected from the solar surface after
the occurrence of the associated ﬂare and this result sus-
tain the idea that ﬂares produce CMEs as suggested by
(Dryer et al., 1996), not the idea that ﬂares are byprod-
ucts of CMEs as postulated by (Hundhausen, 1999).
(3) Also we noticed that the CME energies are more corre-
lated to the X-ray ﬂux of their associated ﬂares during
the period of high solar activity.
(4) In addition, we found that the CME association rate of
the 778 selected CME–Flare events is dominant for
X-Flare events.References
Brueckner, G.E., 1974. The behavior of the outer corona during a large
solar ﬂare observed from OSO-7 in white light, in coronal
disturbances. IAU Symposium, 57.
Cane, H.V., Sheely Jr., N.R., Howard, R.A., 1987. Energetic
interplanetary shocks, radio emission, and coronal mass ejections.
Journal of Geophysical Research 92, 9869.
Chertok, I., Slemzin, V., Grechnev, V., Ignat’ev, A., Kuzin, S.,
Pertsov, A., Zhitnik, I., Delaboudinie`re, J.-P., 2004. Multi-wave-
length observations of CME-associated structures on the Sun with
the CORONAS-F/SPIRIT EUV telescope. In: Alexander V.
Stepanov, Elena E. Benevolenskaya, Alexander G. Kosovichev
(Eds.), Multi-Wavelength Investigations of Solar Activity, IAU
Symposium, vol. 223. Cambridge University Press, Cambridge,
UK, pp. 533–536.
Dryer, M., Detman, T., Watari, Shinichi, Smith, Z., Garcia, H.A.,
1996. Coronal change at the South-West limb observed by
YOHKOH on 9 November 1991, and the subsequent interplane-
tary shock at Pioneer Venus Orbiter,. Solar Physics 167 (1–2), 357–
369.
Gosling, J.T., Asbridge, J.R., Bame, S.J., Feldman, W.C., 1976. Solar
wind speed variations – 1962–1974. Journal of Geophysical
Research 81 (Oct. 1), 5061–5070, ERDA-NASA-sponsored
research.
On the relation between the CMEs and the solar ﬂares 177Gopalswamy, N., Yashiro, S., Michalek, H., et al, 2005. Geophysical
Research Letters 32, L12S09.
Harrison, R.A., 1995. The nature of solar ﬂares associated with
coronal mass ejection. Astronomy and Astrophysics 304, 585.
Hundhausen, A., 1999. Coronal mass ejections. In: Strong, Keith T.,
Saba, Julia L.R., Haisch, Bernhard M., Schmelz, Joan T. (Eds.),
The Many Faces of the Sun: A Summary of the Results from
NASA’s Solar Maximum Mission. Springer, New York, p. p. 143.
Howard, R.A., Michels, D.J., Sheeley Jr., N.R., Koomen, M.J., 1982.
The Astrophysical Journal 263, L101.
Kahler, S.W., 1991. A comparison of the SMS/GOES and SOLRAD
X-ray detectors for Quiet-Sun Studies. In: Richard F. Donnelly
(Ed.), Proceedings of the Workshop on the Solar Electromagnetic
Radiation Study for Solar Cycle 22, held in Boulder, CO, 3–7 Jun.,
1991. p. 426.
Kahler, S.W., Cliver, E.W., Sheeley, N.R., Howard, R.A., Michels,
D.J., Koomen, M.J., 1985. Characteristics of coronal mass
ejections associated with solar front side and backside metric type
II bursts. Journal of Geophysical Research 90 (A1), 177–182.
Lin, N., Jun, J., 2004. CME–ﬂare association deduced from cata-
strophic model of CMEs. Solar Physics 219, 169–196. http://
dx.doi.org/10.1023/B:SOLA.0000021798.46677.16.
MacQueen, R.M., Fisher, R.R., 1983. The kinematics of solar inner
coronal transients. Solar Physics 89 (Nov.), 89–102 (ISSN 0038-
0938).
Moon, Y.J., Choe, G.S., Wang, H., Park, Y.D., Gopalswamy, N.,
Yang, G., Yashiro, S., 2002. A statistical study of two classes of
coronal mass ejections. The Astrophysical Journal 581, 694–702.
http://dx.doi.org/10.1086/344088.
Moore, R.L., Falconer, D.A., Porter, J.G., Suess, S.T., 1999. On
heating the Sun’s corona by magnetic explosions: feasibility in
active regions and prospects for quiet regions and coronal holes.
The Astrophysical Journal 526 (1), 505–522.
Munro, R.H., Gosling, J.T., Hildner, E., MacQueen, R.M., Poland,
A.I., Ross, C.L., 1979. The association of coronal mass ejection
transients with other forms of solar activity. Solar Physics 61, 201.
Nitta, Nariaki V., Hudson, Hugh S., 2001. Recurrent ﬂare/CME
events from an emerging ﬂux region. Geophysical Research Letters
28 (19), 3801–3804.
Pallavicini, R., 1977. Aspects of the observation of solar-ﬂare
phenomena. Societa Astronomica Italiana, Memorie 48 (June),
161–196.
Schwenn, R., 1986. Relationship of coronal transients to interplane-
tary shocks, 3-d aspects. Space Science Review 44, 139.
Wild, J., Smerd, S.F., Weiss, A.A., 1963. Solar bursts. Annual Review
of Astronomy and Astrophysics 1, 291.
Sheeley, N.R., Howard, R.A., Koomen, M.J., Michels, D.J., Schwenn,
R., Muhlhauser, K.H., Rosenbauer, H., 1983. Association between
coronal mass ejections and soft X-ray events. The Astrophysical
Journal 272, 349.
Sheeley, N.R., Howard, R.A., Michels, D.J., Koomen, M.J., McGuire,
R.E., von Rosenvinge, T.T., Reames, D.V., Kahler, S.W., 1984.
Association between coronal mass ejections and metric Type II
bursts. The Astrophysical Journal 279, 839.
Sheeley, N.R., Howard, R.A., Michels, D.J., Koomen, M.J., Schwenn,
R., Muehlhaeuser, K.H., Rosenbauer, H., 1985. Coronal mass
ejections and interplanetary shocks. Journal of Geophysical
Research 90, 163.
Vrsnˇak, B., Maricˇic´, D., Stanger, A.L., Veronig, A., 2004. Coronal
mass ejection of 15 May 2001: II. Coupling of the CME
acceleration and the ﬂare energy release N. Solar Physics 225 (2),
355–378.
Vrsnˇak, B., Sudar, D., Ruzdjak, D., 2005. The CME–ﬂare relation-
ship: are there really two types of CMEs? Astronomy & Astro-
physics 435, 1149, 117.
Yashiro, S., Gopalswamy, N., Michalek, G., Kaiser, M.L., Howard,
R.A., Reames, D.V., Leske, R., von Rosenvinge, T., 2002.Interacting coronal mass ejections and solar energetic particles.
The Astrophysical Journal 572 (1), L103–L107.
Zhang, J., Wang, T., Zhang, C., Liu, Y., Nitta, N., Slater, G.L., Wang,
J., 2001. Flare–CME events associated with a superactive region,
recent insights into the physics of the sun and heliosphere:
highlights from SOHO and other space missions. In: Pa˚l Brekke
(Ed.), Proceedings of IAU Symposium 203.
Further reading
Andrews, M.D., 2003. A search for CMEs associated with big ﬂares.
Solar Physics 218 (1), 261–279.
Ashiro, S., Gopalswamy, N., Akiyama, S., Michalek, G., Howard,
R.A., 2005. Visibility of coronal mass ejections as a function of
ﬂare location and intensity. Journal of Geophysical Research 110,
A12S05. http://dx.doi.org/10.1029/2005JA011151.
Biesecker, D.A., Myers, D.C., Thompson, B.J., Hammer, D.M.,
Vourlidas, A., 2002. Solar phenomena associated with ’’ EIT
Waves’’. The Astrophysical Journal 569 (2), 1009–1015.
Brueckner, G.E., 1995. Solar wind with the Large Angle Spectroscopic
Coronagraph (LASCO) experiment onboard the solar Hemispheric
Naval research Lab. International Solar Wind Conference, p. 70.
Burkepile, J.T., Hundhausen, A.J., Seiden, J.A., 1986. A study of
GOES X-ray events associated with coronal mass ejections. Solar
dynamic phenomena and solar wind consequences. In: J.J. Hunt
(Ed.), Proceedings of the Third SOHO Workshop held 26-29
September, 1994 in Estes Park, Colorado. ESA SP-373, European
Space Agency, p. 57.
Cliver, E.W., Laurenza, M., Storini, M., Thompson, B.J., 2005. On the
origin of solar EIT waves. The Astrophysical Journal 631 (1), 604–
611.
Forbes, T.G., 2000. A review on the genesis of coronal mass ejections.
Journal of Geophysical Research 105 (A10), 23153–23166.
Forbes, T.G., 2003. Pre-eruptive and eruptive magnetic structures in
the solar corona. In: American Geophysical Union, Fall Meeting
2003 (abstract #SH41A-01).
Goff, C.P., van Driel-Gesztelyi, L., Harra, L.K., Matthews, S.A.,
Mandrini, C.H., 2005. A slow coronal mass ejection with rising X-
ray source. Astronomy & Astrophysics 434, 761–771.
Gopalswamy, Nat, Lara, Alejandro, Yashiro, Seiji, Kaiser, Mike L.,
Howard, Russell A., 2001. Predicting the 1-AU arrival times of
coronal mass ejections. Journal of Geophysical Research 106
(A12), 29207–29218.
Gopalswamy, Nat, Lara, A., Lepping, R.P., Kaiser, M.L., Berdichev-
sky, D., Cyr, O.C.S., 2000. Interplanetary acceleration of coronal
mass ejections. Geophysical Research Letters, 27.
Xie, Hong, Ofman, Leon, Lawrence, Gareth, 2004. Cone model for
halo CMEs: application to space weather forecasting. Journal of
Geophysics Research 109, A03109.
Howard, R.A., Koomen, M.J., Korendyke, C.M., Kreplin, R.W.,
Michels, D.J., Moses, J.D., Moulton, N.E., Socker, D.G., St. Cyr,
O.C., Delaboudinie`re, J.P., Artzner, G.E., Brunaud, J., Gabriel,
A.H., Hochedez, J.F., Millier, F., Song, X.Y., Chauvineau, J.P.,
Marioge, J.P., Deﬁse, J.M., Jamar, C., Rochus, P., Catura, R.C.,
Lemen, J.R., Gurman, J.B., Neupert, W., Clette, F., Cugnon, P.,
van Dessel, E.L., Lamy, P.L., Llebaria, A., Schwenn, R., Simnett,
G.M., 1997. EIT and LASCO observations of the initiation of a
coronal mass ejection. Solar Physics 175 (2), 601–612.
Kahler, S.W., Sheeley Jr., N.R., Howard, R.A., Michels, D.J.,
Koomen, M.J., McGuire, R.E., von Rosenvinge, T.T., Reames,
D.V., 1984. Associations between coronal mass ejections and solar
energetic proton events. Journal of Geophysical Research 89 (Nov.
1), 9683–9693 (ISSN 0148-0227).
Manoharan, P.K., Gopalswamy, N., Yashiro, S., Lara, A., Michalek,
G., Howard, R.A., 2004. Inﬂuence of coronal mass ejection
interaction on propagation of interplanetary shocks. Journal of
Geophysical Research 109 (A6), 109, CiteID A06109.
178 M. YoussefHhang, Mei, Golub, Leon, 2003. The dynamical morphology ﬂares
associated with the two types of solar coronal mass ejections. The
Astrophysical Journal 595, 1251–1258.
Mishra. A.P., Mishra B.N., Roopali Tripathi, 2005. Characteristic
features of CMEs with respect to their source region. In: 29th
International Cosmic Ray Conference, Pune.
St. Cyr, O.C., Raymond, John C., Thompson, Barbara J., Gopalsw-
amy, Nat, Kahler, S., Kaiser, M., Lara, A., Ciaravella, A., Romoli,M., O’Neal, R., 2000. SOHO and radio observations of a CME
shock wave. Geophysical Research Letters 27 (10), 1439–1442.
Yashiro, S., Gopalswamy, N., Akiyama, S., Michalek, G., Howard,
R.A., 2005. Visibility of coronal mass ejections as a function of
ﬂare location and intensity. Journal of Geophysical Research 110
(A12), CiteID A12S05.
